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ABSTRACT
1. Pigments were extracted from mammalian hair and the feathers of domestic
poultry by heating with hydrochloric acid.
2. Equimolar proportions of dopa and cysteine when acted on by FeCI3 produced
pigments thought to be the same as naturally occurring trichosiderins and brown and
black melanins, the proportions of pigment in any mixture being dependent on the
pH of the reaction mixture.
3. Column chromatography and thin layer chromatography were used to produce
chromatograms of high resolution, and these chromatograms demonstrated a precise
agreement between pigments produced at particular pH levels in the artificial mixture
and the pigments in the hair or feathers of a particular animal or bird.
Sorby in 1878 (1) described the extraction
of pigments from human hair of various colors.
Bourquelot and Bertrand (2) found tyrosine
in the toadstool Ru.s.sula nigrican.s in 1895 and
demonstrated its importance in the formation
of black pigment. Subsequently the involve-
ment of tyrosine in mammalian melanogenesis
was proposed and the chemical pathway from
tyrosine to melanin was studied (3). The rela-
tion between brown and black melanin has
never been clearly defined and the pigment
trichosiderin (4—11) and other pigments ex-
tractable from red hair have not been inte-
grated into a general concept of melanogenesis.
Flesch and Rothman described trichosiderin
as a phenolie iron compound lacking sulphur
(4). Boldt claimed that triehosiderin contained
both iron and sulphur (7). Prota and Nicolaus
(9) stated that it contained sulphur but not
iron, a view later accepted by Boldt and Herm-
stedt (10). Chromatographic separation of red
melanie pigment by Prota and Nicolaus (9)
supported previous work in which a number
of components had been demonstrated. They
showed that a mixture of dopa (3-4 dihydroxy-
phenylalanine), cysteine and potassium fern-
cyanide in alkaline solution produced pigments
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with the characteristics of some components
of the natural red pigment. Cleffmann (12) in
1963 had shown that glutathione or cysteine
added to a culture of hair bulbs from the agouti
mouse changed the character of pigment pro-
duced from brown or black to yellow but at
this time little was known of the chemistry of
the red pigments.
Nicholls (13, 14) studied genetic aspects of
the human red hair phenotype and (15) re-
corded microspeetrophotometry of hair pig-
ments and showed similarities between the
pigments in red and brown human hair.
In this paper experiments which were con-
ducted with a mixture of dopa, cysteine and
fernie chloride are described and it is shown
that a number of pigments may be produced
in such a mixture. Two ehromatographio meth-
ods were developed for making comparisons
between pigments of hair and feathers, and
these artifleally produced pigments. The de-
tailed agreement between pigmentary com-
ponents from the two sources suggests that
the process of melanogenesis in vivo must bear
a close relationship to the method of synthesis
described.
MATERIALS AND METHOD5
Pigments of human and mammalian hair of
various colors, and of feathers of domestic poultry
were studied. The latter provided a particularly
useful source of material. Two methods of ex-
traction of pigment were used.
In the first metbod a sample of approximately
025 gm of hair or feathers was heated in iON
HC1 in a sealed vessel at 50° C for 72 hours. The
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acid digested the keratin of the sample, some
pigments passed into solution, and the remainder
became suspended in the acid or formed a pre-
cipitate. This method ensured an assay of the
total pigmentary status of a sample although the
chromatograms obtained were much less clear
than those obtained by the alternative method.
To obtain pigments suitable for spectropho-
tometry following chromatographic separation,
2—5 gm of red hair or feathers was boiled in 200
ml of 0.1N HC1 for half an hour. The pigments
obtained in solution were precipitated at neutral
PH, collected by centrifugation and washed sev-
eral times in distilled water. The pigment was
finally redissolved in 4N HC1. In this method
acid soluble red and yellow pigments were ob-
tained in solution, while much of the acid in-
soluble brown pigment was not extracted. The
latter, held in suspension by the concentrated
acid, contributed greatly to the indistinctness of
chromatograms of samples prepared by the first
extraction method.
Chromatography. Thin layer chromatography
(TLC) using Kieselgel G and column chromatog-
raphy using Biogel P4 were used to effect sepa-
ration of pigment components. The extracts
obtained by digestion in iON acid were spotted
onto a thin layer plate and, while the spot was
still wet with acid, the chromatogram was de-
veloped with phenol:water solvent (4:1, W:W)
at room temperature.
Pigment extracted by O.IN HC1 and subse-
quently redissolved in 4N HC1 was introduced in
2 ml quantities to the top of a Biogel column
(1.5 cm. diameter and 10 cm. in length in acid
medium), and 4N HC1 was passed through the
column under 15 lbs/sq in. pressure. The frac-
tions obtained were re-run through the column
once or twice to purify major components. For
comparisons with components seen on TLC, col-
umn fractions were concentrated by boiling and
applied direct to the thin layer plate as before.
The resolution of TLC was much greater than
that of the column and fractions from the columns
were shown to have several components.
Spectro photometry. The pigment in fractions
from the columns was precipitated at neutral pH,
collected by centrifugation, washed in distilled
water, collected and dissolved in N NaOH, 0.1N
HC1, N HC1 and iON HC1 for spectrophotometry
in a UNICAM SP800 recording spectrophotometer.
The spectral curves of minor components, where
it was possible to record them, were obtained by
concentrating an appropriate fraction from the
Biogel column, separating the pigments on TLC,
and scraping off the particular pigmented band.
The Kieselgel with adsorbed pigment was washed
in distilled water several times, to remove phenol,
and the pigment was then recovered by solution
in HC1.
Pigment synthesis. A solution containing a con-
centration of 0.OO1M cysteine hydrochloride and
0.OO1M dopa was prepared. To 10 ml of this
solution 02 ml of O.1M FeCla was added (to
give a concentration of 0.002M FeCls). Immedi-
ately, a variable quantity of 0.1N NaOH (0.1 ml
increments in a series of preparations) was added
producing pH values ranging from 2 to 10. pH
readings were taken at intervals and the pro-
duction of pigment was observed. After 24 hours
2 ml of iON HC1 was added to each solution and
the solutions were boiled. After evaporation to
approximately one quarter of the original volume
the pigmented solutions were subjected to chroma-
tography by the methods used for natural pig-
ments.
RESULTS
Chromatography
Natural pigments. The initial effect of run-
ning phenol-water solvent through a highly
acid spot of pigment on TLC was to produce
a diffused spot or band of pigment with no
definable components. However, after the sol-
vent front had progressed 3—10 cm distinct
bands of pigment became apparent. These al-
ways occupied the same relative positions on
the plate, perhaps because of differing con-
centrations of HC1 at different levels. The dis-
tance traveled by a particular band in any
experiment was variable.
In Table I the pigments found to be present
in samples of hair or feathers after complete
digestion in acid are shown. The sequence of
pigments from fastest moving to slowest moving
on the thin layer plate are numbered 1—13.
The fastest moving brown pigments, although
shown in the table as bands, Brown I and
Brown 2, usually cause a great deal of streaking
on the thin layer plate, and tend to obscure
other bands seen much more clearly in samples
extracted by other methods.
For the purpose of making comparisons
with artificial preparations, a visual assessment
of proportions of pigments has been made,
+ to ++++ being variable amounts of pig-
ment detectable on the plate, while "t" repre-
sents a trace detectable only by concentrating
the pigment from a large volume of extract.
The pigment solution passed through the
Biogel column was divided somewhat artibrarily
into six fractions. A small yellow brown frac-
tion was followed by a large and distinct blue
fraction, then a red purple fraction, then the
largest fraction of red pigment, and finally
yellow red pigment moving slowly down the
column. Brown pigment remained at the origin
until eluted with 0.1 N NaOH, when it flowed
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TABLE I
Thin layer chromatography of pigments extracted from hair and feathers using 10 N HUl
Pigments irs Rf order, from fastest moving to slowest moving
1 2 3 4 5 6 7 8 9 10 11 12 13
Colour of En I En 2 Y I Y 2 Red 1 Y 3 Blue Red 2 Bn 3 Y 4 Bn 4 Bn 5 Black
Red
feathers
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Pigment bands blurred. Much streaking of brown pigment. + to + + + +: various estimates of com-
ponents detectable on plate.
t = trace detectable only by passage through Biogel column, concentration and TLC.
? = not clearly identifiable on TLC but possibly present.
Bn = Brown
Y Yellow
freely through the column which suggests that
it was originally suspended in the acid rather
than present in true solution. The mechanism
of the separation of the soluble fractions did
not appear to be true gel filtration as some
small molecules, e.g., FeCl3, ran ahead of the
pigments. The strength of the acid was im-
portant in obtaining satisfactory separation
and the forces effecting separation may have
been closely analogous to those operating in
the TLC system used.
Table II shows the proportions of pigments
(separated by thin layer chromatography)
present in the fractions obtained from the
Biogel column, using pigment extracted from
Rhode Island red feathers.
Artificial pigments. The initial pH of the
dopa, cysteine and FeC13 mixture is shown in
the first row of Table III, while the effect of
adding 0.1N NaOH to each 10 ml of solution
is shown in the lower rows. The relation be-
tween p11 change and amount of added NaOH
is not linear. Small amounts of added NaOH
(0.1—0.3 ml) produced a minor pH change.
Addition of 0.4—0.6 ml produced a rise to a new
plateau. A steady rise occurred with 0.7 and
0.8 ml, and above 0.8 ml the solution became
rapidly more alkaline.
The color changes at various pH levels were
very rapid, much pigment being produced
within the first 15 seconds of reaction. The
change in color of the solutions became sta-
bilized to a certain extent at the end of this
time, and the resultant color is shown in Table
III as "immediate color change" and this varied
with the pH. After 1—2 minutes, in the more
acid solutions, the evolution of color altered
qualitatively and a complete change of color
occurred within 30 minutes. Within 24 hours
much pigment had precipitated except in the
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TABLE II
Pigments in Rhode Island red feathers in fractions from Bio gel column, as demon strated by thin layer
chromatography
Pigments in RI order, from fastest moving to slowest moving
1
Ba 1
2
Bn 2
3
Y 1
4
Y 2
5
Red 1
6
Y 3
7
Blue
8
Red 2
9
Ba 3
10
Y 4
11
Ba 4
12 13
Ba 5 Black
Yellow brown
Blue
Red purple
Red
Yellow red
Brown
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Most bands clearly defined. The third fraction contains a blue band running in front of "5" a partial
splitting into two red bands of "5", and another blue band running behind "8", not shown in Table or
mentioned in Text.
Bn = brown
Y yellow
most acid and most alkaline solutions. The
supernatant became paler as the pigment was
precipitated.
The pH readings in each solution at the end
of 24 hours is shown in the Table. Those solu-
tions which had a pH lower than 4 initially
had a greater final pH, while above pH 4 the
situation was reversed.
TLC of the pigments produced at each pH
level is shown on the right of Table III. The
numbers used to designate pigments are the
same as in Tables I and II (natural pigments),
representing for each number in each table
identical Rf value, and color matched visually
and where possible spectrophotometrically.
The behavior of artificial pigments on the Bio-
gel column was the same as the behavior of
natural pigments. Figure 1 is a photograph of a
thin layer plate on which four acidic solutions
of pigment have been developed. The L side
of the plate has, in order, natural and artifi-
cial pigments from fraction 2 of the Biogel
column. The lower compact bands are blue
(pigment 7) in color and run as a single band
when placed in apposition. Yellow bands pre-
sent on the plate are not visible in the photo-
graph. The pigment seen in front of the blue
band is brown, the excess amount in the second
sample being due to oxidation of excess dopa
on the plate. The R side of the plate has, in
order, natural and artificial pigments from
fraction 4 of the Biogel column. The lowest
band is red (pigment 8), as also is the next
and broadest band (pigment 5). Brown pig-
ment, as on the left of the plate, is partly
diffused and partly defined into two distinct
bands. Despite the closeness of the bands the
red and blue fractions remain clearly defined
when run together, while yellow and brown
may diffuse and overlap with other bands.
The result shown in Figure 1 is that obtained
after a single passage of crude preparations
through the column—increasingly refined sep-
aration is obtained by further passages, and
most of the brown pigment remains at the ori-
gin after 2—3 passages.
There is a close similarity between Table I
and the part of Table III from row 4 to row 9.
Many alternative procedures were tested as
controls to the results of Table III. Variation
in strength of main constituents was unim-
portant, but variation in proportions had an
effect in lessening the efficiency of production
of pigments. The importance of each con-
stituent of the reaction mixture was tested by
the use of alternatives. Tyrosine could not be
substituted for dopa, other amino acids1 could
not be substituted for cysteine, substances
1The following were tested: glycine, alanine,
glutarnic acid, methionine, cystine, phenylalanine,
2-aminotyrosine, 3-aminotyrosine, N-acetyl tyro-
sine, tryptophane, 5-hydroxy tryptophane, kynu-
refine.
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Fic. 1. Photograph of thin layer chromatogram
of pigments prepared by method described in
text. L half of figure: natural and artificial pig-
ments, 2nd fraction from Biogel column; R half of
figure: natural and artificial pigments, 4th frac-
tion from Biogel column.
with reducing sulphydryl groups2 could not be
substituted for eysteine, and ferrous or cupric
salts could not be substituted for FeCI,.
Spectrophotometry. Figures 2(a) and 2(b)
present respectively visible and UV absorption
spectra of pigment "5" (Red 1), the principal
red pigment present in natural materials and
synthetic preparations. Figures 3(a) and 3(b)
are the curves for pigment "7" (Blue). These
curves were prepared using pigments extracted
from Rhode Island red feathers, and identical
curves were subsequently obtained using the
artificially produced pigments. For each pigment
the curves in three solutions of differing acidity
and in one alkaline solution are recorded. There
is evidence in the curves of pigments in acid
solution of twin peaks or a peak and a shoul-.
der, and the latter feature is accentuated in
the most acid solutions. The identity of shape
' following were tested: glutathione, Cle-
land's Reagent (dithiothreitol), thioglycollic acid,
mercaptoethanol.
FIG. 2a. Spectral absorption curve of pigment
"5" (Red 1) in acid and alkaline solutions. 1. iON
HCl; 2. N HC1; 3. O.1N HCl; 4. N NaOH.
Ordinate: optical density. Abscissa: wavelength
in millimicrons.
Fia. 2b. Spectral absorption curve of pigment
"5" (Red 1) in acid and alkaline solutions. 1. iON
HCI; 2. N HCI; 3. O.1N HCl; 4. N NaOH. Ordi-
nate: optical density. Abscissa: wavelength in
millimicrons.
of the curves for natural and artificial pig-
ments in solutions of differing acidity and
alkalinity supports the chromatographic evi-
dence that these pigments are the same. The
curves obtained in the UV range have less defi-
nite maxima and minima and the absorption
in most of the ultraviolet range is greater than
in the visible range, necessitating dilution of
the pigment solutions to obtain a recording.
The pigments "5" and "7" correspond to
the "red purple" and "dark purple" pigments
respectively of Smyth et al. (5). The blue
color of pigment "7" is only seen at high acid-
ity. Fleseh (11) publishes the curve of the
"chromophore-peptide" of the red feather pig-
ment. This curve does not differ substantially
from those presented here and it is clear that
the artificial pigments do not have a peptide
component.
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Fio. 3a. Spectral absorption curve of pigment
"7" (Blue) in acid and alkaline solutions. 1. iON
HO; 2. N HO; 3. O.1N HCI; 4. N NaOH.
Ordinate: optical density. Abscissa: wavelength
in millimicrons.
FIG. 3b. Spectral absorption curve of pigment
"7" (Blue) in acid and alkaline solutions. 1. iON
HC1; 2. N HO; 3. O.1N HO; 4. N NaOH.
Ordinate: optical density. Abscissa: wavelength
in millimicrons.
DTSCUSSION
Genetic studies of pigmentation in the past
have been hampered by a lack of understand-
ing of the relationship between red, brown
and black epidermal pigments. Such phenomena
as the abrupt change from black pigmenta-
tion to brown or red on an animal's coat, or of
the almost infinite gradation of color from red
to black in some animal species must be inter-
preted in terms of biochemistry as well as of
genetics. What has been described in this paper
is a simple chemical procedure which leads
to the production of a series of pigments ap-
parently identical with those found in mam-
malian hair or the feathers of domestic poul-
try. The variation of a single factor in the
procedure allows for a qualitative and quantita-
tive variation of pigment products which
matches that found in hair or feathers of all
colors from red to black. The variable factor
in the reaction is the pH and as yet no alterna-
tive method of producing the pigmentary
variation has been found.
Whether pH variation of the degree required
by this particular model occurs physiologically
is not known. It must be expected that such
variation, if it occurs, will be confined to a very
limited part of the mclanocyte, most likely
within or immediately surrounding the melano-
some. It seems more likely that the accurate
duplication of natural products in the model
reflects a chemical process which can be pro-
duced by some physiological means other
than pH variation, or at least by variation
within a much narrower range of pH than the
3-7.5 required by the model.
In favor of the model is the fact that dopa,
cysteinc and ferric ions are all likely to be
available to the melanocyte. The conversion of
tyrosine to dopa by tyrosinase within melano-
cytes has been accepted for many years and
cysteinc is a major component of keratin.
Ferric ions arc more efficient than tyrosinasc
in the production of pigment in vitro and it is
possible that the main role of tyrosinase in the
melanocyte is in producing dopa from tyrosine,
while other roles at later stages of melanogene-
sis are of minor importance.
The work of Prota and his colleagues (9, 16)
has clarified the chemistry of the red melanie
pigments although there is no clear indication
from their work of the physiological mecha-
nisms involved in the production of these pig-
ments. Brumbaugh (17) discusses a mechanism
of variation of pigments produced in feather
follicles dependent on growth rate of the follicle.
This mechanism must ultimately be related to a
biochemical control system, and it seems pos-
sible that the conclusion from the case which
be cites is not applicable in all fields of melano-
genesis.
The ohromatographie method using TLC
described in this paper combines speed with a
high degree of resolution. The efficiency of the
method is not apparent in studying crude
preparations obtained by the digestion of hair
or feathers in concentrated acid because of
streaking by brown pigments and perhaps be-
cause keratin breakdown products affect the
separations. However, acid extracts partially
purified on a Biogel column and synthetic
prcparaticns are separated into many com-
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ponents. The Biogel column using 4N HC1 as
eluent gives greater resolution than sephadex
but still not as great as the TLC method. The
two methods, Biogel and TLC, used in con-
junction, give the greatest efficiency of separa-
tion.
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